INTRODUCTION
Preservation of physical health among older adults (age≥ 60), the fastest growing segment of the US population, 1,2 is an important public health objective. [3] [4] [5] The loss of physical function among older adults confers an increased risk of premature mortality, 6, 7 while physical activity preserves physical function and can reduce and delay morbidity and premature mortality. [8] [9] [10] [11] The American College of Sports Medicine (ACSM) recommends older adults participate in 150-min per week of moderate-intensity aerobic activity, such as brisk walking. 8 Walking is increasingly acknowledged as a highly efficacious and safe modality of physical activity for older adults. 8, 12 It has been recommended that ≥100 steps minute −1 is a walking cadence consistent with moderate-intensity physical activity 13 and is appropriate for older adults. 12 The use of walking cadence as a method to monitor the intensity of physical activity among older adults is intuitive, economical, and encourages the use of pedometers, 14, 15 which have been successfully used to promote physical activity in clinical practice. [16] [17] [18] Despite the use of walking cadence to quantify intensity of physical activity, it is unknown whether walking cadence could be additionally leveraged as an objective measure of physical function to prognosticate mortality. Specifically, it is unknown whether the ability to walk ≥100 steps minute −1 distinguishes older adults at risk for premature mortality. Furthermore, it is unknown how walking cadence predicts mortality relative to established physical function metrics such as gait speed. 19 Establishing the relationship between walking cadence and mortality may help clinicians convey the prognostic importance of physical function to patients using a metric that is readily understood by older adults. 14 Such metrics may empower motivated older adults with the ability to self-monitor their physical function longitudinally.
We sought to explore the hypothesis that objectively measured walking cadence distinguishes older adults at risk for premature mortality. We hypothesized that the ability to walk ≥100 steps minute −1 would predict mortality among a population-based sample of community-dwelling older adults. We also sought to quantify and describe the doseresponse relationship between walking cadence as a continuous measure with risk of premature mortality. Lastly, we compared the accuracy of walking cadence to predict 5-and 10-year mortality relative to gait speed, which is a validated prognostic marker of physical function. 19 
METHODS

Study Population and Design
The Third National Health and Nutrition Examination Survey, 1988-1994 (NHANES III) was a stratified multistage study designed to provide health information on a nationally representative sample of US civilians. 20 Participants aged ≥60 years were invited to complete a physical performance evaluation. 6, 21 The physical performance evaluation was administered to 5,403 individuals, of which 5,000 (93 %) completed the requisite measures for this analysis. 21 Participants provided written informed consent prior to completing any study-related activities.
Walking Cadence
Walking cadence was assessed using a 2.4-m walk. Participants were instructed to complete the walk at a pace twice that of their usual walking speed. 21 Time required to complete the course was recorded to the nearest tenth of a second using a stopwatch. The number of steps required to complete the course was recorded to the nearest whole number by the study technician. Walking cadence (i.e., steps minute −1 ) was calculated as:
Number of steps taken to complete the course Number of seconds required to complete the course Â 60
Mortality Outcome
Vital status and cause of death were identified using the National Death Index (NDI) database through December 31, 2006 . Participants were linked to the NDI database using probabilistic matching that included 12 identifiers such as Social Security number, sex, and date of birth. 22 Cause of death was categorized using the International Classification of Diseases 10th edition (ICD-10). 23 Cardiovascular-specific mortality was categorized using ICD-10 codes I00-I078. Cancer-specific mortality was categorized using ICD-10 codes C00-C97. Mortality from other causes included deaths not classified as cardiovascular specific or cancer specific.
Covariates
With the exception of body mass index (BMI), which was calculated using measured height and weight (kilograms/ meters 2 ), all other covariates (see Table 1 ) were collected by self-report using standardized questionnaires. 20 
Statistical Analysis
The primary outcome was all-cause mortality. Secondary outcomes included cardiovascular-specific mortality, cancer-specific mortality, and mortality from other causes. The primary analysis specified walking cadence as a binary variable: <100 steps minute − 1 or ≥100 . We confirmed the assumption of proportional hazards using log-log plots. 24 We explored whether certain population subgroups modified the relationship between walking cadence and all-cause mortality using statistical interactions in multivariable-adjusted regression models (i.e., p interaction ). To compare the discriminative capacity of walking cadence and gait speed to predict 5-and 10-year mortality, we calculated the area under the receiver-operating characteristic (ROC) curve, known as the C-statistic, using logistic regression models that adjusted for age and sex. The minimal meaningful difference between C-statistics was set at ± 0.025, 25 which indicates a clinically meaningful difference in predictive accuracy. 19 All statistical analyses incorporated sample weights to account for nonresponse bias, multistage sampling probabilities, and the subpopulation of participants that completed the physical performance evaluation. 26 Stata/SE v.12.1 statistical software was used for all analyses.
RESULTS
Baseline Characteristics Associated with Mortality
Participant characteristics stratified by vital status (Table 1) demonstrate that those who died were likely to be male, white, older, less physically active, and with fewer years of education. Being overweight or obese, a current or past smoker, having more comorbid health conditions, and utilizing more health care services were all variables that were associated with mortality on univariate testing. . Walking cadence correlated with gait speed measurements (r=0.74; p<0.0001).
Walking Cadence Characteristics
Walking Cadence and All-Cause Mortality
During a median of 13.4 years of follow-up, we observed 3,171 deaths. Median survival was 15.0 years in the ≥100 steps minute −1 group as compared with 10.3 years in the <100 steps minute −1 group (Fig. 1) . In multivariableadjusted analyses, the ability to walk ≥100 steps minute 
Walking Cadence Among Population Subgroups
No population subgroups modified the relationship between walking cadence and all-cause mortality. We explored 
Comparison Between Walking Cadence and Gait Speed
In multivariable-adjusted analyses that accounted for age and sex, walking cadence had acceptable discrimination predicting 5-year mortality (C-statistics ranged between 0.710 and 0.765) and 10-year mortality (C-statistics ranged between 0.730 and 0.800; Table 3 ). The difference in discrimination between walking cadence and gait speed for 
DISCUSSION
The principal finding of this study is that community-dwelling older adults who can walk ≥100 steps minute −1 are 21 % less likely to die prematurely relative to those who can walk <100 steps minute
. This relationship was consistent with our secondary analyses of cause-specific mortality. Walking cadence has been advocated as an intuitive means for older adults to quantify the intensity of physical activity, with the current recommendation that 100 steps minute −1 defines the lowest cadence sufficient for moderate-intensity physical activity. 12 Our results suggest a threshold of 100 steps minute −1 may also identify community-dwelling older adults at risk for premature mortality. A major benefit of walking cadence as a metric of physical function is the fact that older adults find walking cadence intuitive. 14 Furthermore, our findings promote motivated patients who wish to self-monitor their physical function to do so with a simple and non-invasive metric. We compared the discriminative characteristics for 5-and 10-year mortality between walking cadence and gait speed. In a previous pooled analysis of 34,485 community-dwelling older adults, gait speed, age, and sex predicted all-cause mortality similarly to more complex models that included factors such as BMI, systolic blood pressure, smoking history, comorbidity, and prior hospitalization. 19 In the current analysis, using the C-statistics from logistic regression models, our analyses suggest that walking cadence and gait speed do not substantively differ in their discriminative characteristics. The largest difference in C-statistics observed between walking cadence and gait speed was 5-year mortality from other causes, which did not meet the minimal clinically meaningful difference of 0.025 between C-statistics. 25 We also quantified the prognostic importance of walking cadence while simultaneously adjusting for gait speed. In our multivariable-adjusted analyses, holding gait speed constant, each ten-step increase in walking cadence predicted a 4 % increase in mortality. Walking cadence and gait speed may represent separate physical function constructs given that each factor retained statistical significance when simultaneously included in a multivariable-adjusted regression model. This observation is consistent with the hypothesis that at a given gait speed, those who require more steps to complete a fixed distance may have underlying disease relative to those who take fewer larger steps. The term "senile gate" has been used to characterize walking impairments in older adults that manifest as a broad-based, cautious, shuffling pattern. 27 This shuffling pattern would result in a greater number of steps taken and may explain the observed increase in risk of mortality while adjusting for gait speed. Despite the independence of walking cadence and gait speed as predictors of mortality, their simultaneous inclusion did not substantively change the discrimination predicting 5-or 10-year all-cause mortality relative to predictive models that included walking cadence or gait speed individually. Older adults take 2,000-9,000 steps per day on average. 12 However, these steps are generally accrued throughout the day at a cadence <100 steps minute
. The ACSM guidelines recommend that older adults participate in 150-min per week of brisk walking at a pace of 100 step minute −1 . 8 However, among adults in the NHANES cohort, only approximately 5 min per day includes walking at a cadence ≥100 step minute −1 . 28 Our study bolsters the argument that higher walking cadence is associated with improved survival and provides additional motivation for older adults to participate in physical activity, which is known to increase walking cadence 29 and gait speed.
11
While it is known that improvements in gait speed predict reductions in the risk of mortality, 30 it is unknown whether improvements in walking cadence predict similar reductions in the risk of mortality. Nevertheless, it is acknowledged that participation in physical activity such as brisk walking provides numerous health benefits to older adults. Such health benefits include reductions in BMI, systolic blood pressure, 15 and cardiovascular events. 31 To promote regular participation in physical activity, clinicians may encourage patients to pursue step count targets. Giving patients a target such as walking 10,000 steps per day has been shown to significantly increase daily step counts. 15 Notably, any increase in daily step count relative to baseline values could confer health benefits among sedentary older adults. 12 Though the measurement of walking cadence in our study was crosssectional, our data are consistent with such a hypothesis. In multivariable-adjusted regression models, each ten-step increase in walking cadence predicted a significant 4 % reduction in the risk of premature all-cause mortality. Participating in brisk walking with a cadence of ≥100 step minute −1 is feasible through ambulatory activity required for daily living. For example, among 936 adults living in New York City, the mean walking cadence was 112 steps minute −1
. 32 Alternatively, brisk walking with a cadence of ≥100 step minute −1 may be completed through treadmill walking. 29, 33 The heuristic of 1,000 steps in 10 min or 3,000 steps in 30 min (100 step minute ) is useful to help patients recall the walking cadence sufficient in intensity to confer health benefits.
The estimated walking cadence in this study was consistent with other studies that have used accelerometers. 12, 28 However, the main limitation to this study is that walking cadence was calculated from a 2.4-m walk rather than directly measured using the number of steps walked in 1 min. Consequently, our prediction may overestimate or underestimate the actual walking cadence. 34 Unlike gait speed, which uses time (usually to the nearest tenth of a second), walking cadence uses whole numbers and does not allow for partial values. This limitation may restrict sensitivity to subtle yet potentially important changes in walking cadence. Another limitation is that walking cadence was a cross-sectional measurement. It is unknown whether improving walking cadence over time would translate to a reduction in the risk of premature mortality.
The main strength of this study is the large sample size that, based on the sampling framework from NHANES, is representative of the US population of community-dwelling older adults. 35 Walking cadence is a uniquely useful physical function metric, given its simple interpretation and its concurrent use to indicate the intensity of physical activity. 12 Informing older adults about the importance of walking ≥100 steps minute −1 holds potential to educate patients about the prognostic importance of physical function. Discussing the relationship of walking cadence with mortality reinforces the importance of participating in regular physical activity to patients. Future studies are needed to confirm our findings and to determine whether changes in walking cadence over time (e.g., from improving physical fitness) alter the risk for mortality in older adults. In conclusion, the ability to walk ≥100 steps minute −1 is associated with a reduction in premature mortality. The observed relationship between walking cadence and mortality warrants further investigation.
